Effects of a shelter on open-field activity of rats and mice were examined. Subjects were both sexes of Wistar-Imamichi/lar and F344/DuCrj strain rats and BALB/c and C57BL/6 strain mice. They were individually tested in three situations in a random order: (I) a standard open field, where the subject was first placed in a start box at a corner of the field (forced situation: FO); (2) an open field with a shelter, where the shelter was used as the start box (free situation: FR); and (3) an open field with a shelter, where a start box was used (forced-free situation: FF). Both species were less active in the FR and FF situations than in the FO situation, indicating that the presence of a shelter suppressed open-field activity of the animals. Data did not support the thesis that a shelter provides security to animals. For example, a few rats in the FF situation did not enter the shelter, although they showed enough ambulation to reach it. Also, many mice in the FR and FF situations left it hastily or hesitated to enter it. Behavioral differences by species, strain, and sex were also discussed.
Activity of rats (Rattus norvegicus) and mice (Mus musculus) in the open-field has been regarded as a representation of escape by some researches (Welker, 1957 (Welker, , 1959 Fujita, 1975; Suarez & Gallup. 1981) . Welker found that a shelter decreased activity of rats when it was mounted on a wall of the open-field, and claimed that the shelter reduced escape reactions, resulting in the decrease in activity. That is, he thought of the shelter as a secure place for animals.
Here is a serious question. Is a shelter really secure? Do animals feel so? We cannot understand how rats feel, but there is some evidence that they seem not. If animals feel that a shelter is safe in a shelter-mounted open-field, (1) they are expected to enter the shelter without hesitation when placed on the open-field side, and (2) their activity will increase gradually as time passes when the animals were placed on the shelter side, because they will come to be familiar with the situation.
However, ( 1 ) some rats (Welker, 1959; Kitaoka & Fujita, 1989a ) and mice (Kitaoka & Fujita, 1989b) failed to enter the shelter when they were placed on the open-field side, and (2) activity did not increase as time passed (Kitaoka & Fujita, 1991a) . The aim of the present study is to further examine whether or not the shelter is secure for animals. Although a series of research compared activity in the open-field directly with activity in the shelter-mounted openfield (Welker, 1957; Hayes, 1960; Miyamoto & Fujita, 1981) , the procedures were problematic, because animals were placed onto the open-field side in the former whereas shelter side "free situation" (FR) (Welker, 1957) , because they were forced to explore the open-field in the former and were free to do in the latter. The shelter-mounted openfield where animals were placed on the openfield side, was called "forced-free situation" (FF) (Fujita, 1988) , because animals were forced to explore at the first stage but after entering the shelter they were free to explore. Animals were tested once in every situation, i.e. FO, FR, and FF, among which behaviors were compared.
Method

Subjects
The subjects were 18 females and 18 males of Wistar-Imamichi/lar (closed colony) and F344/DuCrj (inbred) strain rats respectively (72 rats in total), and 18 females and 18 males of BALB/c (inbred) and C57BL/6 (inbred) strain mice respectively (72 mice in total). All animals were born and reared in the Institute of Psychology, University of Tsukuba. They were maintained in a sex-separated group of 4-6 animals in a temperaturecontrolled colony room (about 23°C) on a 12:12-hr light/dark cycle (lights on at 0800 hr). They were tested in the light period at 60-80 days of age at the beginning.
Apparatus
The devices used were square open-fields, the size of which was 90 cm x 90 cm x 30 cm (wall height) for rats and 40 cm x 40 cm x 20 cm for mice, and shelter-mounted openfields of the same size. Shelters, the size of which was 20 cm x 12 cm (connected side) x 30 cm (height) for rats and 10 cm x 8 cm x 10 cm for mice, was connected outside the open-field, with a wall hole (7 cm x 7 cm for rats and 5 cm x 5 cm for mice) open at the middle of the wall. Both the shelter floor and the bottom of the hole were the same height as that of the open-field floor. All devices were made of plywood of 1-cm thickness and painted gray.
To record ambulation, four lines were drawn on the open-field floor dividing it into nine 30 cm x 30 cm sections for rats and into four 20 cm x 20 cm sections for mice, with the shelter regarded as one section. When the subject entered the next section with the four limbs, one section was scored for ambulation.
Illumination was delivered by ceiling fluorescent lamps 2.3 m above the floor at 150-200 lx on the open-field floor. The shelter was darkened with a plywood top, in which the luminance was less than 1 lx even when the hole was open. Procedure
The subjects were individually tested in the three situations (FO, FR and FF) for 5 minutes each, with a 5-days interval before being tested in the next situation. To offset the effect of test order, 6 courses of sequence (= ,P2) were prepared, each to which 3 females and 3 males of each strain were assigned.
In the FR, a subject was placed into the shelter with the hole blocked by a plywood cover, and then the shelter top was covered with a plywood board. Thirty seconds after placement, the hole cover was removed to allow the subject to leave the shelter. In the FO and FF, a subject was placed in a bottomless start box of the same size as the shelter placed on an open-field corner, and then the top was covered with a plywood board. In the FF, the start box was placed on either corner section near the shelter. Thirty seconds after placement, in the FO and FF, the start box was removed to allow the subject to move freely.
Behaviors of the subjects were directly recorded by an experimenter sitting in front of one side of the open-field without disturbance. The shelter was placed to the left of the observer in the FR and FF. The recorded characteristics were number of sections tra-versed (ambulation), number of fecal boluses (defecation), latency to leave the start section in the FO andFF, latency to leave or enter the shelter in the FR and FF, and total time spent in the shelter in the FR and FF. Regarding latency scores, if animals did not show the action, 2.48 (= log 300 seconds) was given.
Data Analysis
Most data were analyzed using ANOVA tests for each species. For ambulation, a 3 (test) x 5 (time) x 2 (strain) x 2 (sex) factorial design. i.e. a model of two within-subject factors and two between-subject factors respectively, was adopted. For defecation, a 3 (test) x 2 (strain) x 2 (sex) factorial design was used. For latency to leave the placed section and time spent in the shelter, a 2 (test) x 2 (strain) x 2 (sex) design was employed. And for latency to leave the shelter in the FR or to enter it in the FF, a 2 (strain) x 2 (sex) factorial design was used, yet Student's t tests on factors of strain or sex were conducted for latency to leave the shelter in the FF or to enter it in the FR because of an uneven number of animals concerned. Test differences in latency to leave or enter the shelter were analyzed with t test. In addition, preentry ambulation in the FR was analyzed using t tests on factors of test, strain, or sex because of an uneven number of animals concerned, while pre-entry ambulation in the FF was examined using an ANOVA test of a 2 (strain) x 2 (sex) factorial design.
Results
Ambulation. Figure 1 shows changes in ambulation for 5 minutes as a function of test, strain, and sex for each species (also see Table 1 (a)). ANOVA tests revealed significant test differences for both species (rats: F (2,136) = 88.46, p < .01; mice: F (2,136) = 13.04, p < .01), and subsequent multiple comparisons showed that subjects ambulated in the FO more than in the FR (rats: t = 5.48, p < .01; mice: t = 2.02, p < .05) or than in the FF (rats: t = 4.74, p < .01; mice: t = 1.92, p < .10), while ambulation in the FR and FF did not differ from each other for either species. Table I Summarized mean scores for nine characteristics for each species, strain, and sex in the forced situation (FO), free situation (FR), and the forced-free situation (FF)
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ence was found while a significant strain difference was observed (BALB/c < C57BL/6: F(1,68)= 100.46,p<.O1). Defecation. Table 1 (b) shows the number of fecal boluses. There was a significant test difference only for rats (F (1,68) = 9.59, p < .01), and following analyses revealed that rats defecated less in the FR than the FO (t = 3.08, p < .01), with no differences in defecation found between the FO and FF, or between the FR and FF. Significant strain differences were found for both species (Wistar-Imamichi/lar < F344/DuCrj: F (1,68) = 18.41, p < .01; BALB/c > C57BL/6: F (1,68) = 43.03, p < .01), and significant sex differences were also obtained for both species (female < male) (rats: F (1,68)= 4.32, p < .05; mice:F(1,68) = 8.08, p < .01).
Start latency. Table 1 (c) shows the latency (log s) to leave the placed section in the FO and FF. ANOVA tests revealed no significant test difference (FO = FF), while significant strain differences were found for both species (Wistar-Imamichi/lar > F344/DuCrj: F (1,68) = 7.27, p < .01; BALB/c > C57BL/6: F (1,68) = 12.08, p < .01). A significant sex difference was also obtained only for rats (female < male: F (1,68) = 8.67,p < .01).
Emergence latency. Table 1 (e) shows the latency (log s) to leave the shelter in the FR and the latency of subjects having entered the shelter to leave it in the FF, the subjects which failed to enter it in the FF (Table 1 (d)) therefore being omitted in Table 1 (e) and following analyses. And the latency in the FF was obtained by subtracting the entry latency time from the original emergence latency time. As a result, there were no significant test differences for either species. In the FR. ANOVAs revealed a significant strain difference only for mice (BALB/c > C57BL/6) (F (1,68) = 4.00, p < .05), while no significant sex differences were found for either species. Also in the a significant strain difference was found only for mice (BALB/c > C57BL/6) (t (67) = 3.23, p < .01), while no significant sex differences were obtained for either species.
Entry latency. Table 1 (g) shows the latency (log s) to enter the shelter in the FF and the latency of subjects having left the shelter to enter it in the FR, the subject which failed to leave it in the FR (Table I (f)) therefore being omitted in Table 1 (g) and following analyses. And the latency in the FR was obtained by subtracting the emergence latency time from the original entry latency time. As a result, there were no significant test differences for either species. In the FR, there were neither significant strain nor sex differences for either species. In the FF, however, significant sex differences were found for both species (female < male) (rats: F (1,68) = 8.56, p < .01; mice: F (1,68) = 4.08, p < .05), while no significant strain differences were obtained for either species.
Time spent in the shelter. Total time (s) spent in the shelter (Table 1 (h)) was examined in the FR and FF. There was a significant test difference for rats (FR > FF) (F (1,68) = 33.41, p < .01), whereas not for mice. Significant strain differences were found for both species (Wistar-Imamichi/lar < F344/DuCrj: F (1,68) = 7.67, p < .01; BALB/c > C57BL/6: F (1,68) = 16.82, p < .01). No significant sex differences were obtained for either species.
Pre-entry ambulation. Table 1 (i) shows ambulation recorded before entry into the shelter in the FF and ambulation recorded before entry of subjects having left the shelter in the FR, the subjects which failed to leave it in the FR (Table 1 (f)) therefore being omitted in Table 1 (i) and following analyses. For subjects that did not enter the shelter, total ambulation was regarded as preentry ambulation. As a result, there were no significant test differences for either species. In the FR, there were neither significant strain nor sex differences for either species. In the FF, a significant strain difference was found only for rats (Wistar-Imamichi/lar < F344/DuCrj) (F (1,68) = 10.64, p < .01). In this regard, 13 rats failed to enter the shelter in the FF, 8 for the Wistar-Imainichi/lar and 5 for the F344/DuCrj. Yet they were quite different in their behaviors: All these WistarImamichi/Iar rats could not enter the shelter because they failed to leave the placed section, i.e. they showed no ambulation, whereas all these F344/DuCrj rats did not in spite of showing ambulation much enough to reach the shelter. No significant sex differ-ences were found in the FF for either species.
Discussion
Effects of a shelter.
The effects of a shelter on open-field activity were estimated by comparing characteristics shown in the FO with those in the FR or with those in the FF. It was found that the shelter introduction into the open-field situation decreased ambulation for both species. Decreases in ambulation for both species and a decrease in defecation found for rats (FO vs. FR but not FO vs. FF) may support the idea that the shelter is a secure place for animals. Yet the idea did not suit the findings that mice defecated in the FR and FF as much as in the FO, and that neither rats nor mice showed any increase in ambulation in the FR and FF as time passed. Furthermore, the idea may suggest that shelter introduction shortens the latency to leave the placed section if the shelter entrance is close to the placed section; yet there were no test differences for either species when comparing the latency to leave the placed section between the FO and FF.
In conclusion, the shelter was not necessarily secure for the rats and mice. Indeed the animals preferred the shelter, but the preference seemed to be relative. That is. it seemed they merely preferred the shelter side to the open-field side, because the latter was far opener and brighter.
Effects of the location of placement. Even when tested in the shelter-mounted open-field, animals may display differential responses if the location of placement differs. The effects of the location of placement were estimated by comparing characteristics shown in the FR with those in the FF. The changes in ambulation for 5 minutes differed from each other only for rats, i.e. no change in the FR vs. a decrease with a steep slope in the FF (like in the FO). The decrease in ambulation in the FF is interpretable as follows: since the rats were placed on the openfield side in the FF, they started moving around as if they had been placed in the FO; after they found the shelter and managed to enter it, they came to be inactive.
No significant differences were found in defecation, latency to leave or enter the shelter, and pre-entry ambulation, thereby showing similarity between the FR and FF. Rats stayed in the shelter in the FF shorter than in the FR, which might reflect the entry delay in the FF. Surprisingly, in this sense, mice stayed in the FF as long as in the FR, which could be attributed to that they were likely to leave the shelter hastily in the FR (about 10 5).
In conclusion, effects of the location of placement seem to be small as compared to the behavioral differences between the shelter-mounted open-field situation (FR or FF) and the open-field situation (FO). Species differences. Although direct comparison of behaviors between rats and mice is difficult because of the difference in device size or animal's body size, some of characteristics, e.g. changes in ambulation as a function of time or defecation, may be comparable. The mice showed a decrease in ambulation in all the three tests; on the other hand, the rats did not in the FR. Defecation of the mice in one test was not different from those in the others; on the other hand, the rats defecated less in the FR than in the FO.
Furthermore, the mice appeared to prefer the open-field side as compared to the rats, e.g. the mice left the shelter hastily in the FR (also in the FF after entry) (about 10 s) while most of the rats were unwilling to leave it (more than 100 s), or the mice stayed in the shelter much shorter than the rats (mean for mice vs. rats respectively: 111 s vs. 272 s in FR; 95 s vs. 194 s in FF).
The mice appeared to show much preentry ambulation as compared to rats. Half of the mice (36/72) traversed more than 10 sec-tions before entering the shelter in the FF, which means that they ran more than 2 m (when 1 section = 20 cm). The highest score was 62 in the FR (a C57BL/6 female) and 53 in the FF (a C57BL/6 male), meaning that they ran no less than 12.4 m and 10.6 m before entry respectively. On the other hand, more than half of the rats showed pre-entry ambulation only for 1 section, indicating that they entered the shelter straight. For rats, the latency to enter it was so close to the latency to leave the placed section in the. FF; on the other hand, the two latency scores had a substantial interval for mice, i.e. an interval of less than 10 s was shown in 45 rats (63%) vs. 14 mice (19%), X' (1) = 16.29, p < .01, and an interval of more than 30 s was given in II rats (15%) vs. 34 mice (47%), X= (1) = 11.76, p < .01. Even if a rat impulsively left the placed section in the opposite direction against the shelter in the FF, the rat could reach it traversing 7 sections with an encirclement along the open-field walls. However, only 9 rats (13%) showed pre-entry ambulation of more than 7 sections in the FF. The highest score was 28 for a F344/DuCrj male rat, showing that he ran 8.4 m.
Taken together, the mice were inclined to hesitate to settle down in the shelter as compared to the rats. Strain differences. For rats, the F344/DuCrj strain showed as much ambulation as the Wistar-Imamichi/Iar strain, displayed more defecation, shorter latency to leave the placed section in the FO and FF, longer time spent in the shelter in the FR and FF, and more pre-entry ambulation in the FF. Part of these results agree with the previous reports (Kitaoka & Fujita, 1990 , 1991b which showed that the F344/DuCrj ambulated as much as the Wistar-Imamichi and defecated more in the open-field. The F344/DuCrj's tendency to leave the placed section fast in the FO and FF and to ambulate much before entry in the FF, together with its high defecating inclination and long stay in the shelter, addressed a speculation that F344/DuCrj rats were so timid that they were driven to run around in the open-field. This speculation is quite inconsistent with the traditional emotionality concept where high emotionality or timidity results in low ambulation (Hall, 1936; Broadhurst, 1960) . Rather than that, it may suit the escape hypothesis (Welker, 1959) which assumes that animals placed in the open-field run around to escape from the situation. For mice, the C57BL/6 strain showed more ambulation than the BALB/c strain, less defecation, shorter latency to leave the placed section in the FO and FF, shorter latency to leave the shelter in the FR and FF, and shorter time spent in it in the FR and FF. The C57BL/6 mice might be more reluctant to settle down in the shelter than the BALB/c mice. Part of these results agree with the previous reports (e.g. Thompson, 1953; Streng, 1971; Makino, 1983) which found that the C57BL/6 showed more ambulation and less defecation than the BALB/c.
It seems that the strain factors had little interaction with the test factors for either species.
Sex differences. For rats, females showed more ambulation than males, showed less defecation, shorter latency to leave the placed section in the FO and FF, and shorter latency to enter the shelter in the FF and FR, with no sex difference in time spent in the shelter. On the other hand, for mice, females showed less defecation and shorter latency to enter the shelter in the FF and FR than males; for the other characteristics, there were no sex differences. Part of these results agree with previous findings (reviewed by Archer, 1975) that female rats were generally more active and defecated less than male rats while there were inconsistent sex differences for mice.
It seems that the sexual factors also had little interaction with the test factors for either species.
Shelterphobia. The results in the present study quite disagree with the idea that the shelter is secure for animals. It was obvious that even a shelter was an object of fear (shelterphobia: Kitaoka & Fujita, 1989b) , probably because the shelter was also novel for the animals. In nature, novel shelters or burrows may be the nests of predators such as snakes, so small animals must be cautious about entering them.
Evidence for this type of fear has been presented in several reports, e.g. some rats failed to enter the shelter in the FF (Welker, 1959; Kitaoka & Fujita, 1989a) , or mice hesitated to enter it in the FF at an early stage (Kitaoka & Fujita, 1989b) . The present study also found that 13 rats failed to enter the shelter, 5 of them showing ambulation much enough to reach the shelter, and that mice appeared to hesitate to settle down in the shelter. Whitney (1970) found that the JK/Bi mice, which defecated more than the C57BL/lBi mice, left the shelter faster than the C57BL/1Bi in the situation equivalent to the FR, and described that the results were paradoxical in view of emotionality. They were not paradoxical at all, however, if it is assumed that the JK/Bi mice showed more shelterphobia. Clark and Galef (1977) found that the Mongolian gerbils that had no experience of a shelter did not escape to the shelter in the situation equivalent to the FE, whereas they escaped to it after 24-hours experience of the shelter. These results can be interpreted by the concept of shelterphobia, too. Buhot (1987) described that when several shelters of different size were available, mice entered the largest shelter first and the smallest one last; this finding may also be related to shelterphobia.
In conclusion, the present study suggests that a shelter is not necessarily secure for animals and that shelterphobia is involved in a
shelter-mounted open-field situation.
